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IMMUNSTIMULATTNG LIPID FORMULATION 



m m bn,e s ,however parenteraIadminisffatlonmaya|sobeused 



An inching number of specific mtigem ^ 

To obtain good Proteai „ n after vaccination, umno« stimulating systems « nee(fed 

■mmune stimulating systems are M adjuvams 8 nS ' Such 

Adjuvants, presently mainlyused in ^ ^ 
heterogeneous group of substances; inorganic substances, oil emulsions, charged 
polymers, neutral substances or substances from bacteria 

general adjuvant for this purpose. X «>ere ls presently no 

PJP—anOgenonu.esurfaceofd.epattiCe . Uter i, was shown thatphaglyting 
cellswereanracted by these alumsahs leading >o fut^er enhancement of L mnC 

cannotbeusedforauanuger.since^an.^^^^^^^ " tan " 1 * 
hl9 « F ™*oducedh^^^^ 

used » humans due to granuloma formation, induction of auto-tmmune reactions and the 
non-btodeg^dab^er^^ 
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was ma r WA1(0ffi All preparations elicited a higher 

1995) all known adjuvants are ^ ^ ^ described in the book more than 80% 



3 usmgsuchmatrixsystemsarethatthematnxdo 

30 substances ongmattng from a body . ^ 
most important part in all biological membranes. 
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Lipids are characterized as polar or non-polar. The lipids thai are of most importance 
in the present invention are the polar lipids since they have the capacity to form particulate 
systems ,„ water. Another way of defining these lipids are as amphifi.ic due to their 
chemical structure with one hydrophobic and one hydrophilic par. in the molecule thereby 
bemg useable as surface active substances. Examples of main groups of polar lipids are 
mono-glycerides, fairy acids, phospholipids and glycosphingolipids. These main groups 
can be further characterized depending on the length of the acyl chain and the degree of 
saturate of the acyl chain. Since the number of carbon atoms in the acyl chain can be in 
the range of 6 to 24 and the number of unsaturated bonds can be varied there are an almost 
mfimte number of combinations regarding the chemical composition of the lipid 

Particulate lipid systems can be further divided into the different groups as discussed 
m .he scientific literature such as liposomes, emulsions, cubosomes. cochleates, micelles 
and the like. 

In a number of systems the lipids may spontaneously form, or can be forced to form 
stabUe systems. However, under certain circumstances other surface active substances has' 
to be introduced in order to achieve stabiUty. Such surface active systems can be of non- 
l.p,d character but possess the characteristics of the polar lipids having hydrophobic and 
hydrophilic parts in their molecular structure. 

Another factor that has been shown to be of importance is that lipids exhibit different 
physical chemical phases, these phases has in different test systems been shown to 
enhance uptake of biological substances after administration to mucosal membranes. 

In the classical immunology and in combination with vaccination against different 
types of infectious agents e.g. bacteria, virus or parasites the prevailing dogma has been ,o 
adrmmstrate the vaccine subcutanously or intramuscularly. However, research has during 
the las. years shown that die body has a very effective immunological system that resides 
in the mucosa. It has been shown that you can adrninistrate vaccines orally, nasally really 
and vaginally. In the same way as for the classical immunization it has been shown that by 
mucosal vaccination there is also a need for enhancement of die immunological response 
by the addition of adjuvants. 

In the same way as within the classical immunology where vaccines (antigens) are 
administrated parenteral^, there is within mucosal immunization a great interest in 
directing the immunological response towards development of humoral and/or cellular 
response. If you obtain a humoral response it would be unportant to direct the response in 
a way that a certain class of antibodies would be obtained. In order to obtain such a goal 
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adiU mL« types of— seating substances are availab.e. One type is 
represented by proteins e.g. PHA, Con A, SEA or different types of interferons or 

Lgensand/orvaccinesir^rovesthe — response agamst «te admtxeJ 
mn ls/vaccines Said pharmaoeudcal formulanon for parenteral or mucosa. 
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selected from 

a) monoglycerides of the general formula 
CH 2 -CH-CH 2 

? ? ? 
25 R1 F»2 R 3 

whereinR, and R, is H and R> one acy. gmup containing from6tc ,24carbon 
atoms, preferably 8 to 20 carbon atoms, even more preferably 14-20 carbon 
atoms and where the acyl chain may contain unsaturated bonds. In a 

noJlyaacy.rrugranonbe.weenthel.dZcarbonsinmeg.ycerolmo.ecuic 
(DenmarlOwithapunty of more than 80 % preferably more ton 90%, more 
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preferably over 95 % is used. The diglyceride content is maximum 3 % and 
triglycerides and fatty acid content is less than 1 .0 %. The monoglycerides 
according to the invention normally contains more than more than 80 % of a 
specific fatty acid, preferably over 90 %. 
and 

b) fatty acids of the general formula 

CH 3 - (CH 2 ) n - COOH 

where V may be varied between 4 and 22, preferably 8 to 1 8 and where the acyl 

cham may contain one or more unsaturated bonds. 
The formulation according to the invention may comprise additional pharmaceutical 
extents selected from the one or several of the following groups; preservatives and 
osmofcc pressure controlling agents, P H-controlling agents, organic solvents, hydrophobic 
agents, enzyme inhibitors, water absorbing polymers, surfactants and absorption 
promoters, anti-oxidative agents, and the like. 

The formulation according ,o Ac invention may comprise any antigen and/or vaccine 
selected among al) the antigen a.d/or vaccines relevant to humans or animals, including 
marine animals. 

This invention discuss lipids which, when mixed with antigens, enhance the immune 
ac«v,ty against the antigens thereby rationing as an adjuvant in various vaccine 
formulations. Especially the invention comprise the use of a formulation for vaccination of 
the mucosa which can be immunologically activated by nasal, oral, vaginal or rectal 
admtrustration. The invention also comprise the use of the lipid system for parenteral 
admnt.s.ra.ion. The use of an adjuvant such as described in the present invention wh.cn 
can be used bod, for parenteral as well as for mucosal administation is no, limited to 
humans. Equally important is the use within fe veterina^ field forme immunization of 
e.g. carte, pigs, chickens and the like. Furthermore, there is a large and growing interest in 
applymg both parenteral as weU as mucosal vaccines in the field of fish farming !„ this 
area the administration can be performed by incorporation of the formulation in the food 
Furthetmore, .he fish may be allowed to swun for a limited period of time in the vaccine 
formulatton containing the antigens and the adjuvants thus being immunized by the 
mucosal route via the gills. 

In the scientific literature there are reports showing how to enhance the uptake of a 
btologtcally active substance after administration ,„ *e mucosa together with certain lipids 
As an example Li & Mitra ,Pharm. R es. vol .3: 1, ,996) describes the administration of ' 
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ms u,inmi*edwi*phosphou pi ^ 

Sh.r.Ocarbona^andU.cchargep^yposMve.Evennega^vcharged 
narticles were effective but neutral system were inferior. 

,4.3 219-25 1 995)describes U1 a.ami«u re ofdiph«,eria«oxo>dtogeU,erw 1 thanon- 

phoJpholipidbasedliposomsys^ad.ninis.atedpa—yto rabbits resuUsinan 

Immune response which was at the same level as the marketed product which was Alum- 

adsorbed diphtheria toxoid. 

^umLrofscientif.creponsalsoshowa.a.good— ,o P ca. reponses are 

obtai „ed after administration of liposomes ,0 the mucosa where the antigen ,s entrapped 

adsorbed to liposomes. . 
Studies in vi tt oonahumance.llineobminedfromaco.oncancer(Caco-2)shows that 

.he best penetratingcffect. tested with the mc<H substance mannito., can be seenwuha 

cumbeLmeproces.wMchi.a.mvolvesorsanicsolven.s.Furmetmore^ephosphohptds 

"S-*^- n.asumlarimmunolo ^Uesponsecanbe 
ob^edonlybymixmgmeanngenwimalipidformuladonwmchcon^sess 
25 con^Ucate^lipidshavingasubstantiaUylowerpriceandwhichcanbefo^ 
commercial basis in a very simple way. 

formulauonsbasedontriglyce^^ 

emulsionsoftriglycerideswhere surface are used for stabuaat.o. As stab.hzers 
phospholipids or any other type of amphiphilicmolecuies such as Tween® are normaUy 
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In PCT/DK94/00062 is disclosed a formulation for the topical administration of 
antigens and/or vaccines to mammals via the mucosal membranes. Said application 
disclose in the examples that the only formulation that enhances the immune response is a 
combination of caprylic/capric acid glycerides with polyoxyethylene sorbitan monoester 
(Tween 20®). 

As exemplified in the present invention it is shown that a combination between a 
monoglyceride and a fatty acid can stimulate the immune system to produce antibodies and 
induce protective immunity. Furthermore the present invention shows that the disclosed 
formulation is able to produce high antibody titers by parenteral aclministration. 

Thus, it was surprisingly found that the administration of antigens and/or vaccines to 
an animal either via the mucosal route or parenterally using a formulation comprising 
monoglycerides and-or fatty acids as a particulate lipid system can improve the 
immunological response towards the admixed antigens and/or vaccines. The 
monoglycerides are selected from a group with the general formula of 1 -acyl-glyceride 
wherein the number of carbon in the acyl chain may be varied between 8 and 24 
preferably between 1 2 and 1 8. The acyl chain may be either saturated or unsaturated. The 
concentration of the monoglyceride may be in the range of 0. 1 - 50 g per 100 ml of water 
preferably in the range of 1 - 20 g per 1 00 ml of water. The fatty aci d concentration may be 
m the range of 0. 1 - 50 g per 100 ml formulation, preferably in the range of 1 - 20 g per 
100 ml water. When monoglycerides and fatty acids are formulated together the percent 
ratio of monoglyceride in fatty acid may be varied between 1 to 99 %, preferably between 
10 to 90%. 

An enhancement of the immunological response after administration of 
monoglycerides and/or fatty acids together with antigens and/or vaccines has not been 
suggested anywhere in the prior art._ 

The present invention describes that mixtures of antigens with relevant lipids 
stimulates the body to generate protective immunity. Another advantage of the present 
invention is the simple formulation process and as compared to entrapment no material 
(antigen) is lost in the process. As an example can be mentioned that in the process of 
entrapment in liposomes the recovery is normally 10-20 %. The rest is lost in the process. 

Reports in the literature as discussed above, shows that by mixing liposomes and 
antigen an immune response is detected after administration to the mucosa. 
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However.*, examples in —n as described below shows that , he system 
can be even more simplified by the use oflipids .hat arrestable, cheaper and wrueh 
canbeformulatedtoparnelesinamoreoonvenientandsimplifiedway. 

The invention is exemplified by the following examples showing that the pnnctple of 
5 co-administration of antigens, immune stunulating substances associated or ,n 
combination with particles function as an adjuvant. 

^Tsls'pension ofmono-olein was produced by adding3 gmono-oletn to 50ml of a 
10 oeyoPluronic-nT^solunoninphosphatebufferedsalinepHVA whereafter the rmxture 

was sonicated with aprobesonica.or for4minu.es. Tne obtained milky suspense 
con^ed P anicleswithamax™lsizeofabout2^ma S de,erminedby.ightm 1 croscopy. 

15 ^Tlegarivelychargedn,^^ 

0 5 g of oleic acid with 5 ml of 0.35 M NaOH and sonica.ed with a probeson.ca.or for 5 
seconds. Thereafter 3 g mono-olein and 50 ml 0.9 % NaCl was added whereafter the 
mixture was probesonicated for 4 minutes. The monester content of the mono-ofcate was 
over 95%wi.haacyl chain obtaining 92 % oleate and 6% linoleic acid. ThepHwas 
adjusted to8.3.Theobta m ed completely clear homogenous M .uu„n contained pamcles 

opalescent Muish appearance indicated a size of approximately 0.2 - 0.5 urn and 
appearance is milky the size is above approximately 0.8 Mm. 

^positively charged miceUesuspensionofmono-o.emwasproducedbymixingO.5 
6 lauryl-amine and 3.5 ml of 0.5 M HC1 fol.owedby sonication for 5 seconds. Thereafter 
Lmono-olein and 50 ml of water was added whereafter the mixture was probesotncafcd 
for4minu.es.ThepH was adjust to between 4 and 5 using 0.5 M HO. The obtauted 
completely clear homogenous solution contained particles wi«h a size of below 
approximately 0.2 nm. 
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Example 4. 



Table ] . 



Alum 



Mono-olein suspension 



Mono-olein suspension 



Nasal boost 



Nasal boost 



Nasal boost 



Dose diphtheria toxoid \ig 



15+15 



3.5 + 3.5 



15 + 15 



3.5 + 3.5 



7 + 4 



7 + 4 
7 + 4 



IgG titer 
Jarb.units) 



32000 



22000 



24000 



3500 



45000 



19000 



19500 



NT titer 
(arb. units) 



40000 



20000 



20000 
5000 



5000 



Example 5. 

Parucles were prepared according l0 Examp[e 2 ^ a ^ 

, mMandOffattyaCidOf200mM - ^—0.(29,, 44 
to mice followed by a subcutaneous booster after 2 1 days. Both the primary and the 
booster dose of the toxoid was ,0 Mg . After 30 days b.ood samp.es wereLuJ which 

ao 1 d(C,,, ) werea,u,esame I eve 1 ascom P a re d,o ft eco„.ol gr oup„ hichreceivedthe 
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• • ^inhtheria toxoid adsorbed on Alum (A1(P0 4 ) 3 ). The 
o«her combinations of monogiycendes and fanyac-ds ga 8 y 

capric-1-glycera.e; C2 = laurio acid; CIO - capnc acd; C8 - capryhc acd). 
Done; indicates that there were only five mice in Utese groups. 



formulations containing monoglycerides and fatty ac.ds. 



Alum 

MO/C18:l 



MO/C8 
"M12/C12 



18200 



18200 



9600 



M10/C10 



18200 



4800 



18200 
"9600" 



9600 



3 



4800 



4800 



9600 



110 



2400 



18200 
1200 



4800 



2400 



9600 



4800 



Example 6. 4 with ^ difference that the booster dose was given 

variability of the response. 



Table! 



Amount of lipids in umol administrated to mice sc. 



r nasally. 



Dose level 
high 
medium 
low 



Dose lipid (umol) sc 
"40 ' 
~~4 ~~ 



1.5 
0.15 
0.015 
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Table 4 



igo t.<ers mm dividualrnice(n = 6) after admiration of 2x 10 W of diphth, 
toxoid to mice either sc/sc or sc/nasaUy. 



MO/C8 sc/sc high 


1 | 2 


3 

9600 


4 


5 


6 


MO / C8 sc/nas high 


9600 


1200 


4800 


4800 
4800 


9600 
4800 


9600 
9600 


MO/C8 sc/sc medium 


4800 


1200 


9600 


2400 


4800 


4800 


MO / C8 sc/nas medium 


2400 


600 


2400 


600 


2400 


4800 


MO/C8 sc/sc low 


300 


2400 


9600 


2400 


4800 


2400 


MU/C8 sc/nas low 


600 



600 | 1200 | 150 


4800 


150 



Example 7. 

Two different lipid formation containing mainly medium length acyl chain, 
(Composition A) and ,ong acyl chains (Composition B) were tested. The compositions are 



seen in Table 5. 



Table 5. 







*arry acid 


Composition A 


Monooleate 25 mM 
Monomyristate 25 mM 
Monolaurate 25 mM 
Monocaprate 25 mM 


C'aprylic acid 90 mM 


Composition B 


Monooleate 200 mM 


Oleic acid 200 mM 



The formulations were admmistrated to mice s.c. or nasally withabooster after three 
weekss.c. or nasally. Blood samples were taken after another week. The arbitrary IgG 
titers are seen in Table 6. 

The results in Table 6 demonstrates .ha, in order to achieve a good response after 
pnmao- as well as booster admmistradon by the nasal route Compositions B is to be 
preferred. 
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Iahle_£. 



Composition A sc/nas 



2400 



4800 



Composition A nas/nas 



< 100 



36400 



< 100 



18200 

TToo 



300 

<Too" 



< 100 
N.D. 



Composition B sc/nas 



18200 



18200 



Composition B nas/nas 



4800 



9600 



36400 18200 
18200 " 18200 



9600 



10 



n „ ,o mice followed by a nasa. booster three weeks later. The dose was 0.05 ng HA 
group receiving the virus in PBS. 



Table 7. 

HI titers in mice receiving 
injection and nasal booster. 



formalin inactivated influenza virus after s.c. primary 



PBS 



MO/C8 



N.D. 
"320" 



80 



320 



640 



N.D. = not detected 
* = dead 



160 



320 



20 



^d sleo.»e„,, y ad—ted to fetna.emice. After three— 



25 
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~ n ;f«^^of r „ t av inis ,„ baby ^ wherc ^ 

with a lipid formulation according tn rho im,™^ 



was vaccinated 





C — iiv UIVC11UUI1. 


Group 


Administration 






im/im/im 


2/8 


Micelles 


im/im/im 


4/4 ' 


Micelles 


im/nas/nas 


6/7 





after a pnma ry macular inrnmnization foUowed by ,wo 



nasal administrations. 



Example 9. 



Example 10. 
Laco-2 cells at non-toxic concentrations. 
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Patent Claims: 
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having the general formula 

CH 2 -CH-<fH 2 

? ? ? 
R-l R2 R 3 



and 



b) fatty acids of the general formula 

CH 3 - (CH 2 ) n " COOH 

one or more unsaturated bonds, 
.he acyl chains may condone or more unsaturated bonds. 
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A pharmaceutical formulation according to Claim 1, wherein the antigen comprises 
an antigen and/or vaccine that is selected among the antigen and/or vaccines relevant to 
humans or animals, including marine animals. 



A pharmaceutical formulation according to Claim 1, wherein the formulation 
comprises additional pharmaceutical excipients selected from the one or several of the 
following groups; preservatives and osmotic pressure controlling agents, pH- 
controlling agents, organic solvents, hydrophobic agents, enzyme inhibitors, water 
absorbing polymers, surfactants and absorption promoters, ami -oxidative agents, and 
the like. 

A pharmaceutical formulation according to Claim 1, wherein the formulation 
comprises additional adjuvants. 

A pharmaceutical formulation according to Claim 1 - 7, wherein the formulation is in 
a form suitable for parenteral or mucosal admiiu'stration. 

A pharmaceutical formulation according to Claim 8, wherein the formulation is in a 
form suitable for aciministration to the mucosa of the nose, mouth, vagina, rectum or 
the intestine. 



A pharmaceutical formulation according to Claim 8, , wherein the formulation is in a 
form suitable for aaministration to the mucosa of the nose 

A vaccine or antigen formulation, characterized by that 100 g of the final formulation 
contains: 

from 0.0 1 to 90 g of the antigen/vaccine component 
from 0, 1 to 90 g of the monoglyceride 
from 0. 1 to 90 g of the fatty acid 
from 0 .01 to 99 g of water 
from 0.01 to 99 g of PBS/saline 
and optionally one or more adjuvant and/or excipient. 
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1 2 The use of compounds selected from 

a) monoglyceride preparations having at taut 80 "/.monoglyceride command 
having the general formula 
CH 2 -CH-CH 2 



OOO 
I I I 
Ri R2 R 3 



wherein R, and R, is H and R 3 is one acyl group containing from 6 to 24 
carbon atoms, and where the acyl chains may contain one or more 
YQ unsaturated bonds 



and 
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b) fatty acids of the general formula 

CH 3 - (CH 2 ) n - COOH 

where «n" may be varied between 4 and 22, and where the acyl chain may 
contain one or more unsaturated bonds 



in an amount of 0.01 to 15 g/100 ml of total volume of the formulation as 
adjuvants / vehicles in pharmaceutical formulations for parenteral or mucosal 
administration of antigens and/or vaccines to humans or animals, including 
marine animals. 

13 The use of compounds according to Claim 12, characterized by having a 
monoglyceride preparation content of a. least 90 %, preferably at leas. 95 %. 

14 The use of compounds according to Claim 12, wherein the acyl chains of the 
monoglyceride preparations contains 8 to 20 carbon atom, preferably .4 to 20 carbon 
atoms and where the acyl chains may contain one or more unsaturated bonds. 

1 5 The use of compounds according to Claim 12. whereto the acyl chains of the fatty 
acid contains 8 to 20 carbon atom, preferably 14 to 20 carbon atoms and where the 
acyl chains may contain one or more unsaturated bonds. 
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